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Table 1. Components of artificial garbage

class %? foodstuff %?
vegetables 50 cabbages 10
potatoes 10

carrots 10

radishes 10

celery cabbages 10

fruits 20 apples 25
coats of oranges 7.5

) coats of banana 10
grain 20 rice 10
bread 25

: noodles 7.5
meat 2.5 ground meats 2.5
sea food 5 fishes 3.5
fish bone 1.5

eggs 2.5 eggs 2.5

a: wet weight basis
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Table 2. Operational conditions.

TEST1 TEST 2 TEST 3 TEST4
RUN1 RUN2{RUN3 RUN4 RUN5 RUNG6|RUN7 RUNS RUNS[RUN 10 RUN 11
temp. (°C) 50 55 45 50 50 50 55 50 55 55 55
pH () 55 65 | 60 55 60 65 | 60 55 60 | 55 55
IVCB (g) 400 400 | 400 400 400 400 | 400 400 400 | 400 400
initial LA (g/L)} 129 129 | 95 95 95 95 [ 104 101 101 | 102 102
TEST5|TEST6] TEST7  |TEST8|TEST9 TEST 10
RUN 12|RUN 13|RUN 14 RUN 15{RUN 16]/RUN 17|RUN 18 RUN 19 RUN 20
temp. (°C) 55 55 55 55 55 55 55 60 60
pH () 55 | 55 [ 65 55 | 55 | 55 | 55 55 6.0
IVCB (g) 400 | 200 0 0 0 0 0 0 0
initial LA(g/L)] 118 | 72 | 03 03 | 03 | 02 | 01 01 0.1

IVCB; inoculation volume of cultural broth, initial LA; initial Lactate concentration
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Fig. 1. Description of average production rate of lactate (APRLA) and
estimated production rate of lactate (EPRLA) (ine; recording of
NaOH consumption, @; observed lactate production).
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Table 3. Characteristics of artificial garbage.

Total Soluble
TS (g/L) 192 -
88 (glL) 81.0 -
VTS (%) 96.3 -
COD-cr (g-CODIL) 209 111
T-N (g/L) 3.95 0.95
Carbohydrate (g-glucose/L) 119 95.6
Protein (g-albumin/L) 243 4.4
Organic acids (g-COD/L)? - 1.2
lactic acid (g-COD/L)® - - 05
pH (-) 5.2 -

a; COD basis

Table 4. Operational conditions of seed culture.

TEST 1 2 3 4 5 6
temp. (°C) 56 65 65 55 55 55
pH () 65 55 655 55 55 55
CT (hn) 234 161 95 231 166 161

LAconc. (g/L) 31.9 232 248 252 290 352
CHconc. (g/l) 25.9 340 348 36.1 295 255
CT,; cultivation time, LA; lactate, CH; carbohydrate
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Fig. 2. Time courses of optical purity of lactate, laciate conc. and
carbohydrate conc. in TEST 1.
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Fig. 3. Time courses of optical purity of lactate, lactate conc. and

carbohydrate conc. in TEST 2.
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Fig. 4. Comparison between with and without inoculation for LHactate
fermentation in batch culture.
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(VY (Table ST 0EE3RERTI61 ebl b) RFIOL-HEE
AERRTTRER %, REFRS L UpHICH LTy b LIzE%
Fig. 5I0RY. ZHic k5 &, BEE T JUpH BRIk
VS, R A R S O FUREAE AR FTRE B AMEIN L
TV AIERAHER S .

(2) FFLEERGRE

R B ROREY, BEOERRTEEEEXLT
WAR, 2. @ TR L@V Fos4 I
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Thbd. I T, EER BT 5 2 & CHHBAERE
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Table 5. Summaries of performance of each fermentation.

TEST1 TEST 2 TEST 3 TEST 4
RUN1 RUN2 |RUN3 RUN4 RUN5 RUNGJRUN7 RUNS RUN9|RUN 10 RUN 11
CT (hn) 155 155 162 162 162 162 161 65 161 95 95
LAconc. (g/L) | 38.7 382 | 430 425 400 434 | 353 292 333 | 225 271
OP (%) 994 997 | 05 992 374 993 | 991 993 989 | 99.0 994
APRLA (g/L/hr)| 037 . 0.52 2 0.42 -2 046 | 031 030 014 | 013 0.18
ET (hn) 63 40 2 68 -2 68 65 65 161 95 95
EPRLA (g/L/hr)| 1.45  2.05 -2 2.37 2 2.00 | 1.26 098 0.46 L b
PPLLA (g/L) 383 379 2 421 2 430 | 349 P 32.9 P L
TEST 5{ TEST 6 TEST 7 TEST 8{TEST 9 TEST 10
RUN 12|RUN 13[RUN 14 RUN 15{RUN 16]RUN 17|RUN 18 RUN 19 RUN 20
CT (hn) 161 180 | 234 234 | 307 | 305 | 303 303 303
LAconc.(g/l) | 352 | 338 | 323 316 | 295 | 349 | 343 203 315
OP (%) 990 | 994 [ 994 991 | 989 | 995 | 992 99.2 992
APRLA (g/Uhr)| 0.32 | 0.28 | 0.28 - 010 [ 013 | 035 0.14 019
ET (hr) 67 86 103 L 307 | 233 87 208 134
EPRLA (g/Lhr) | P 142 | 1.28 L | 354 P 150 095 144
PPLLA {(g/L) 348 | 336 [ 319 312 | 291 | 346 | 340 29.0 312
CT; cultivation time, LA, lactate, OP; optical purity, APRLA; average production rate of lactate, ET; evaluation tin

EPRLA; estimated production rate of lactate, PPLLA; potential production of L-lactate
a; not L-lactate fermentation, b; lack of data or not estimable data
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Fig. 5. Distributions of potertial production of L-lactate (PPLLA)
and average production rate of lactate (APRLA) on temp.
and pH conditions in batch cutiure.
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Fig. 6. A scatter plots of estimated production rate of lactate
(EPRLA) vs. average production rate of lactate (APRLA) in
batch culiure.
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Table 6. Analysis of variance for the linear model for average

production rate of lactate.
Sources SS df MS F P
Model 0.084 2 0.042 4.004 0.069
Error 0.073 7 0.010

Corrected total 0.157
Root MSE = 0.102; R?=0.534; R = 0.730

APRLA (gL

56
temp. C)

55 50

Fig. 7. Comparison between predicted and observed average
production rate of lactate (APRLA) on temperature and pH
conditions (O; predicted value, A; observed value). )
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(0133/0.089=149) LA HIZIREOERITMT 558 %
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EEMT DA, LAEEOINRM L2 BN, BESME.

RERT ORI ERRT DI LPEELNEERD
ns.
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AHIFENE, RIS R, B 25 & FRHCTE
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Table 7. Analysis of variance for the linear model for potential

production of LHadtate.
Sources SS df MS F P
Model 198.8 2 99.39 24.44 0.000
Error 48.80 12 4.067

Corrected total 247.6
Root MSE = 2.017; R% = 0.8029; R = 0.8960

PPLLA (g/Lt)

pHE)

55
temp. (C)

5.5 50

Fig. 8. Comparison between predided and observed potential
production of Lactate (PPLLA) on temperature and pH
conditions (O; predicted value, A; observed value).
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Effects of pH and temperature on unsterile thermophilic fermentation
with L-lactate cultured broth inoculum

Satoshi AKAO!, Hiroshi TSUNO'and Taku HORIE!

'Dept. of Environ. and Urban Eng. Grad. School of ENG. , Kankyo University

In order to expand cultivation conditions of pH and temperature, a series of thermophilic L-lactate batch
fermentation experiments of unsterilized garbage was investigated with fermented L-lactate cultural broth
inoculum in consideration of semi-continuous operation. The results showed that L-lactate was produced
under the set of conditions of pH 6.5 and 50°C with using the inoculation. On the other hand, D-, L-
lactate was fermented under the set of conditions of pH 6.0 and 50°C. These conflicting respects would
depend on the optimal growth conditions of Bacillus coagulans that is the L-lactic acid bacterium of the
thermophilic L-lactate fermentation. The optimal growth condition of B. coagulans was reported at pH
6.5~7.0 and around 50°C. A multiple regression analysis was applied to production of L-lactate on each
L-lactate batch fermentation for evaluating effects of pH and temperature. This analysis indicated that
decrease in temperature to 50°C and increase in pH to 6.5 would enhance its production in thermophilic

L-lactate batch fermentation.
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